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Income and Expenditure for Relatively More versus Relatively Less ~utritious Food over the Life Cycle
Laura Blanciforti, Richard Green, and Sylvia Lane United States consumers have been accused of being nutritionally inefficient, having a poor quality diet, and often placing themselves at nutritional risk because of their poor choice of foods (U.S. Congress). Unfortunately, the controversy over the consumption of nutritious versus less nutritious or "junk" foods has generated heated discussion but relatively little economic research.
Numerous studies have been made of the income elasticities of food consumption (Burk 1962, Hymans and Shapiro) , and Engel curves derived from econometric analysis of family budgets, primarily relating expenditures on food or another consumption good or commodity group to income levels of households, cereris paribus, abound in the literature (Burk 1968, pp. 84, 215; Aitchison and Brown; Allen; Allen and Bowley; Champernowne; Cramer; Goreux; Hassan and Johnson 1977; Houthakker 1952 Houthakker , 1957 F'rais and Houthakker; Phlips; and Tornquist) . Adrian and Daniel in their 1976 article investigated the consumption of selected food nutrients in the United States using income and the life cycle stage as variables in their analysis, but they did not identify the foods which were the sources of the nutrients. Few researchers have examined the implications of and the differences in food expenditure patterns of households at various points in their lifetimes. And, more important, no research has been done on the expenditures on and income elasticities of the specific groups of food classified as relatively more nutritious and less nutritious components of diets.
The specific purposes of this analysis were to ascertain, using a general functional form, whether or not expenditures on foods classified as relatively more nutritious and less nutritious components of diets vary over the life cycle for U.S. households with different income levels, and to compare income elasticities for the various life cycle stages for Laura Blanciforti is a graduate student, Department of Agricultural Economics, University of California, Davis, and an economist on leave from the Economics and Statistics Service of the U.S. Department of Agriculture. Richard Green is an associate professor of agricultural economics, University of California, bavis, and agricultural economist, Giannini ~oundation. Sylvia Lane is a professor, Department of Agricultural Economics, and agricultural economist, Giannini Foundation.
Giannini all foods, relatively more and relatively less nutritious components of diets.
Description of Data
Cross-sectional data, obtained from the diary component of the second year of the 1972-1973 Consumer Expenditure Survey conducted by the Bureau of Labor Statistics, were used. Results of the 1973 Diary Survey were substantially better than those for the 1972 survey (Walsh) . The sample from the 1973-74 portion of the survey totaled 10,514 observations (Carlson) . The under $2,000 income group, 7.6% of the total sample and the over $35,000 group, 2% of the entire sample, were removed because their income was not recorded in actual dollar amounts. The exclusion of the over $35,000 group acted to offset partially the bias introduced by the exclusion of the under $2,000 group. Editing the data to remove observations incomplete for key variables results in 9,464 usable observations. Income data collected was for each household's before-tztx-income from all sources.' Expenditure data are recorded food-at-home expenditures for specific items. The data on food expenditures were grouped into three groups: total food at home, relatively more nutritious components of diets, and relatively less nutritious components of diets. The classification of foods into relatively more nutritious and less nutritious components of diets was based upon an analysis of the nutritive composition of the food items. The index of nutritional quality tables developed by Canolty of the Department of Nutrition of the University of California, Davis, were used for this purpose. To be termed "nutritious" (relatively more nutritious), a food had to contain percentages of the requirement for four or more nutrients equal to or greater than the proportion of the energy (calories) provided by that food, or the percentage required of two or more nutrients in twice the proportion to the energy contribution for that food (see table 1 ). This definition of nutritious is a recommended definition consistent with from a 1976 study by the Society for Nutri- tion Education conducted for the Federal Trade Commission (Societv for Nutrition Education).' The eight key' nutrients used in the analysis were folacin, vitamin B-6, pantothenic acid, magnesium, vitamin A, calcium, iron, and vitamin E.' Data for all households and the households stratified according to life cycle stages were used in the analysis. Since cross-sectional data are used the life cycle stages depict different families at each stage rather than a cohort of fzmilies moving through different stages. Life cycle stages in this analysis only provide a classification scheme.
The life cycle stages were: Life cycle stage 0: all not included in groups one through six, i.e., single men, single women, etc.
Life cycle stage 1: no children are present and the housewife is 40 years of age or less.
2 In that study a sample of SNE members were surveyed concerning the correct definition of a "nutritious" food so that recommendations could be made regarding a proposed Federal Trade Commission Trade Regulation Rule on the use of the term "nutritious" in food advertising.
Pennington in her "Dietary Nutrient Guide" defined the first seven nutrients as key nutrients whose presence in sufficient amounts are indicators of the adequacy of a larger group of essential nutrients. She states that if one obtains the suggested daily intake of the index nutrients from natural foods and follows a few other suggestions, then the diet will be adequate in approximately all essential nutrients. Inclusion of adequate amounts of vitamin A and folacin will contribute to the vitamin E requirement but will not ensure it. The authors, thus, felt justified in including vitamin E as an index nutrient.
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Life cycle stage 2: average age of children is less than six years.
Life cycle stage 3: average age of children is between six and 12 years.
Life cycle stage 4: average age of children is between 12 and 17 years.
Life cycle stage 5: average age of children is over 17 years.
Life cycle stage 6: no children are present and the housewife is over 40 years age.
Because household size and composition account for a significant proportion of variation in food expenditure patterns across similar families, the income and expenditure data were adjusted separately, using an adult-equivalent scale, before estimating the Engel f~n c t i o n .~
The adult-equivalent scale is simply a device for specifying the requirements or expenditures of an individual of a particular age and sex as a proportion of the standard or base individual such as an adult male. The adjustment of the food expenditure and income variables makes the estimation of one Engel function for households of varying sizes, ages, and compositions possible. The procedure prevents attributing to income or food expenditures part of the variation properly attributable to varis.tions in the age, sex of household members, or the effects of family size. Engel curves were estimated for sample households stratified according to their stage in the life cycle.
Methodology
Economic theory provides no a priori rationale for the appropriate functional form for the Engel relationship, although it does indicate that the functional form selected should obey the "adding-up" criterion (Salathe, p. 11 ). Yet the choice of functional form can influence substantially the estimated income elasticity. The linear and doublelogarithmic tend to be the most commonly used functional forms, but empirical studies indicate the income elasticity of food is below unity and falls as income rises. This implies that both the linear functional form with rising elasticity and the doublelogarithmic form with constant elasticity are inappropriate for the analysis of Engel relationships (Zarembka) .
In this study Engel relationships were estimated using a Box-Cox transformation, for which the linear and logarithmic forms are special cases (Box-Cox, Chang, Zarembka When A = 1, equation (1) ysis the general functional form of the Engel Curve is written:
where Ci is the amount of food expenditure per food-adult equivalent, Y, is income per incomeadult equivalent, and Ui is the disturbance term of the cross-sectional group or household. The variables Ci(" and YtA1are defined as:
where h represents a transformation parameter to be determined. The Ui term for the given A's is assumed to be normally and independently distributed with zero mean, constant variance, and zero covariance. The income elasticity of food demand, N,, can be shown to be
The sign of the income elasticity depends on the sign of ai, since Yi and Ci are nonnegative values but its value depends on the relationship of Yi to Ci and the value of A. Given the above assumptions for Ui and using the Box-Cox maximum likelihood approach, the logarithm of the likelihood function for a given A that is to be maximized is, disregarding the constant, Ct was further subdivided into foods that are relatively more nutritious and foods that are relatively less nutritious components of diets, so three general equations were estimated. Households also were separated into life cycle groups. Average income and expenditure on all food and relatively more or less nutritious components of diets appear in table 2. Average household income, it appears, is higher tends toward one as Y, increases; in the log case, A = 0, and Nu = a,, the standard constant elasticity result. The semilog, hyperbolic, and log-reciprocal forms also can be shown to be special cases of the general form. were represented by N, = a , -and were also CIA considered to be better estimate-; of income elasticities. Table 3 contains the estimates of the income elasticity at the means for all six life cycle stages for all food, and relatively more and less 
-.
-- '' t-statistics are in parentheses.
Income elasticities measured at the mean value of lncome and consumption for each of the life cycle stages. "how tests for a, for regressions for relatively more and relatively less nutritious foods using linear and logarithmic forms indicated there were significant differences between the a,'s in every stage of the life cycle. For the justification of the Chow test for this type of problem see Toyoda. The Chow test is well behaved even under heteroscedasticity as long as at least one of two sample sizes is very large.
A ' At the maximized A. However, for all foods and foods that are relatively more nutritious dietary components, the food expenditure response is more volatile. When children are between six and twelve years, there is a noticeable decline in the income elasticity. This response then rises and reaches a peak when children are in the teenage years, declines again when children are over seventeen and increases for older person households. Thus, the elasticities imply (a) households will spend a greater proportion of a greater income on all food when there are teenagers in the household; (b) older households without children will spend a greater proportion of a greater income on relatively more nutritious foods, and (c) households where the children are older and some, in fact, are young adults, will, on the average, spend the greatest proportion of a greater income for relatively less nutritious food. The further implications are that as the average age of the children in households increases, households will spend a greater proportion of a greater income on foods that are relatively less nutritious components of diets; and that as the proportion of older households without children increases, a greater proportion of greater household incomes will be spent on relatively more nutritious foods.
Summary and Conclusions
Income elasticities for all food, relatively more nutritious and less nutritious components of diets for all stages and seven designated life cycle stages, were estimated using the general functional form utilizing a Box-Cox transformation as proposed by Zarembka. Previous studies have indicated this form of estimation provides a better fit for Engel curves for food than other functional forms (Zarembka, Chang) . The maximum likelihood estimate of A, A in this study, ranged from .16 to .47 which was distinctly different from 0 or 1. The 95%
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confidence interval for A varied no more than .08 from the value of A. The hypothesis that the linear or logarithmic functional forms which were also estimated fit the data was rejected at the 5% level. Using the mean value in the estimating equations, the highest income elasticity using the flexible functional form was for Stage 4 (average age of children between 12 and 17 years) and the lowest for Stage 0 (single people) for all food. This is logical since food is a higher priority for households, generally, if they have teenage children and a lower priority for single people.
Interestingly, the income elasticity for the relatively more nutritious food components was highest for Stage 6. This implies that older people have a greater appreciation for nutrition. Nutrition education efforts to be most cost-effective should be directed to other household groups. For less nutritious food, the highest income elasticity was for Stage 5 (where the average age of the children was over 17 years). It may well be that relatively less nutritious foods are more appealing to teenagers and young adults. This has serious implications. Greater nutrition education efforts should be directed at those two groups who are just entering the labor force and for whom, over the lifetime, better health and higher productivity will have higher economic and noneconomic payoffs than for older persons.
Thus it would appear estimates of income elasticities based on linear and logarithmic functional forms may require reevaluation. Specific policyrelevant findings from this study indicate singleperson households have lower income elasticities than households in any other life cycle stage for all food and for relatively less nutritious foods, while older people in childless households have the highest income elasticity for relatively more nutritious foods. This may not accord with the preferences of those who would prefer households with younger children and younger, more productive, adults to spend high proportions of higher income on more nutritious foods.
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